Abstract -Karyotypes of five species belonging to the largest sawfly family Tenthredinidae (Tenthredo arcuata Forster, 1771, T. ferruginea Schrank, 1776, T. mesomela Linné, 1758, T. velox Fabricius, 1798, and Rhogogaster viridis (Linné, 1758 were studied using standard Giemsa staining, AgNOR-and C-banding techniques as well as fluorochrome Chromomycin A 3 (CMA 3 ) and DAPI. The species studied share the same chromosome number, n=10 and FN=40, in the diploid karyotype while they differ in the number of subtelocentric chromosomes. Number and location of NORs and amount of C-heterochromatin in the karyotypes vary between the species. C-banded chromosomes of T. velox, T. arcuata and Rh. viridis subjected to DAPI and CMA 3 staining were found to have no distinct AT-rich DNA clusters but possess groupings of GC base pairs concentrated in the NOR bearing regions. The data presented are the first to show genome organization in terms of the chromosomal banding patterns for the Tenthredinidae.
INTRODUCTION
The species-rich sawfly family Tenthredinidae belongs to the "Symphyta" which comprises the paraphyletic assemblage of basal hymenopteran lineages. Over 5000 species have been described worldwide, some 1000 tenthredinid species are known from Europe. Many species are capable of parthenogenesis. Haploid males develop from unfertilized eggs, whereas diploid females arise from fertilized eggs.
Until now, karyotypes have been published for approximately 250 species of Tenthredinidae, including nearly 80 species from Europe. The majority of these data have been obtained by NAITO (1982) and WESTENDORFF et al. (1999) . The studies have been carried out using a routine technique of karyotype analysis. Although a variety of techniques have been so far developed to study the karyotypes, they have never been applied to Tenthredinidae. These techniques produce various banding patterns of longitudinal differentiation in chromosomes providing additional information, other than chromosome number and morphology. The information may concern the amount, distribution and composition of constitutive heterochromatin, or number and location of nucleolar organizer regions (NORs). Within Insecta, these approaches have already enabled much progress towards an understanding of genome organization of aphids (MANICAR-DI et al. 1991 MANDRIOLI et al. 1999 ; for other references see BIZZARO et al. 1999) . In Hymenoptera, similar data available refer nearly only to the Aculeata (PALOMEQUE et al. 1988 (PALOMEQUE et al. , 1990 POMPOLO and TAKAHASHI 1990; IMAI 1991; IMAI and TAYLOR 1989; IMAI et al. 1992; ODIER-NA et al. 1993; HIRAI et al. 1994 HIRAI et al. , 1996 BRITO et al. 1997; GOKHMAN 1997; GOMES et al. 1997 GOMES et al. , 1998 LORITE et al. 1997; BALDANZA et al. 1999; BRITO-RIBON et al. 1999) . For sawflies some data have been published about only the small family Diprionidae. In the pine sawfly species Diprion pini and D. similis, patterns of heterochromatin distribution and patterns of the rDNA genes location were respectively detected using C-banding and in situ hybridization, FISH and ISH, techniques (ROUSSELET et al. 1998 (ROUSSELET et al. , 1999 .
We present initial data on genome organization in terms of chromosome banding patterns, the AgNO 3 -, C-, fluorochrome DAPI, and CMA 3 bandings, for the sawfly family Tenthredinidae. NAITO (1971) , eggs were taken from adult females and incubated in vitro for 3-6 days. Haploid metaphase plates were obtained from cerebral ganglia of male embryos. Chromosome preparations were made by an air-drying technique (IMAI et al. 1977) . Plates were examined with phase contrast optics and the best of them with well spread chromosomes were chosen for further treatments.
MATERIALS AND METHODS

Females of
First, karyotypes were examined using a 4% Giemsa solution. Some slides were subjected to the Feulgen-Giemsa procedure which permits removal of background staining (GROZEVA and NOKKALA 1996) . Then a series of chromosome banding techniques was applied. The karyotype of T. mesomela was studied using silver nitrate treatment, those of T. ferruginea, T. velox, and Rh. viridis by C-banding technique. The karyotypes of T. arcuata, T. velox, and Rh. viridis were examined using chromomycin A 3 and DAPI fluorescence banding techniques.
For Ag-banding (HOWELL and BLACK 1980) , slides were incubated in AgNO 3 (50%) with gelatine as the developer in a moist chamber at 65°C for 7 min.
For C-banding (SUMNER 1972) , slides were treated with 0,2 N HCl for 20 min, immersed in a saturated solution of Ba(OH) 2 at room temperature for 1 min, rinsed three times in water, immersed in 2XSSC at 60°C for 1 hr, thoroughly rinsed, air-dried and stained with 4% Giemsa solution in Sørensen's phosphate buffer, pH 6.8.
For fluorescence banding, the preparations were dehydrated overnight in a freshly prepared 96% ethanol: glacial acetic acid mixture (3:1). Thereafter they were subjected to the C-banding procedure and treated successively with GC-specific fluorochrome (1976) and with AT-specific fluorochrome DAPI (4'-6-diamidino-2-phenylindole) after the technique of DONLON and MAGENIS (1983) . To improve fluorochrome staining, 0.5% methanol was included in the staining solutions. This modification is new. Slides were mounted in an anti-fade medium consisting of 1% n-propyl-gallate in the 10 mM phosphate buffer solution with 70% glycerol, pH 7.0. Photographs were taken using the camera OM-4 with the microscope BX 50, Olympus, and the fluorescent microscope Dialux 22, Leitz.
RESULTS AND DISCUSSION
Karyotypes
The five species studied, Tenthredo arcuata, T. ferruginea, T. mesomela, T. velox, and Rhogogaster viridis, show n=10 and morphologically similar karyotypes with only biarmed chromosomes (Figs. 1a-d and 1e ). The number of chromosome arms (Fundamental Number, FN) was estimated on the basis that metacentric (M), submetacentric (SM) and subtelocentric (ST) chromosomes have a value of two. Thus, FN for diploid karyotypes (2n=20) is 40. Chromosomes form a series decreasing in size, the first chromosome being easily recognizable in every karyotype. Subtelocentric chromosomes are absent in T. arcuata, while in the other species they are present varying from one in Rh. viridis to 4 in T. ferruginea and T. mesomela and 5 in T. velox.
The data on Tenthredo ferruginea, T. mesomela, and T. velox are in agreement with those recently published by WESTENDORFF et al. (1999) . However for T. arcuata and Rh. viridis different chromosome numbers, n=15 and n=14 respectively, have been reported elsewhere (SANDER-SON 1970; WESTENDORFF et al. 1999) . It may be suggested that the species studied by different authors are not conspecific. Species identification in the T. arcuata-group as well as in the Rhogogaster s. str. species complex is uncertain since reliable diagnostic characters in the morphology of the species included are still not available (TAEGER 1985; TAEGER and BLANK, personal communication) .
Revealing NORs by silver and fluorochrome CMA 3 staining
Silver staining was applied to T. mesomela. In the haploid karyotype a bright spot appears near the centromere in the M chromosome 2 (Fig. 2a) . This argentophilic site represents the nucleolus organizing region (NOR). In addition, in some prophase and metaphase nuclei not only NORs, but also centromeres are stained (Figs. 2 b-c) . It is well known that silver nitrate is not strongly specific to NORs and can stain other chromosome sites, including kinetochores (SUMNER 1990) . For example, in the ant species Tapinoma nigerrimum and T. erraticum (Formicidae), silver staining revealed paracentromeric Ag-positive regions in various chromosomes (PALOMEQUE et al. 1988, 1990 ). However, in T. nigerrimum fluorochrome CMA 3 banding, and in situ hybridization technique showed a positive signal only in one chromosome of the haploid set (LORITE et al. 1997) . Similar results were reported for some other species of Formicidae (IMAI and TAYLOR 1989; IMAI et al. 1992; HIRAI et al. 1994) . Silver staining mainly reveals transcriptionally active NORs (SUMNER 1990) . In contrast, fluorochrome CMA 3 staining labels NORs independently of their activity (SCHMID and GUT-TENBACH 1988). The fluorescence is associated with high GC content typical of genes coding for ribosomal RNA (rDNA).
CMA 3 staining following C-banding procedure was applied to T. arcuata, T. velox and Rh. viridis. Prominent fluorescent bands appear in separate chromosomes of haploid karyotypes. In T. arcuata, two chromosomes bear bands (Fig. 3a) . There is one band in the centromeric zone of the largest M chromosome, the other band appears in the telomeric region of the SM chromosome 6. In T. velox one brightly fluorescent band can be observed in the proximal region of the large arm of the SM chromosome 8 (Fig. 3c) . In Rh. viridis, one CMA 3 positive paracentromeric band is visible in the M/SM chromosome 2 (Fig. 3b) .
T. arcuata displays two NORs in the haploid karyotype, the remaining species studied have one NOR. The three species referred to Tenthredo differ from each other in NOR location. Similarly, in the genus Encarsia (Hymenoptera, Aphelinidae), two closely related species sharing the same chromosome number and similar chromosome morphology were found to differ in the NOR bearing chromosomes (BALDANZA et al. 1999) .
In Hymenoptera, the number of NORs varies from 2 to 19 in diploid karyotypes, however, the majority of species has 2 NORs (PALOMEQUE et al. 1988; HIRAI et al. 1994 HIRAI et al. , 1996 LORITE et al. 1997; BALDANZA et al. 1999; BRITO-RIBON et al. 1999; present paper) . The whole spectrum occurs in the ant genus Myrmecia (Formicidae), which is characterized by very diverse chromosome numbers with the highest value of 2n=76. In Myrmecia, as 2n increases, the number of rDNA carrying chromosomes becomes greater (HIRAI et al. 1996) .
Revealing heterochromatin by C-banding and fluorochrome DAPI staining techniques
C-banding was applied to T. ferruginea, T. arcuata, T. velox, and Rh. viridis. In the haploid karyotype of T. ferruginea clearly defined bands appear in four chromosomes (Fig. 3f) . There are three bands in the large arm of the first ST chro- mosome. Two of them are closely spaced and located near the centromeric area, the third band appears in intercalary position. The ST chromosome 2 shows four proximal bands in the large arm. The ST chromosome 4 has one intercalary band in the large arm while the SM chromosome 7 displays one paracentromeric band also in the large arm. Each chromosome presents a specific C-banding pattern. This is inconsistent with the equilocal heterochromatin distribution hypothesis (SCHWEIZER and LOIDL 1987) according to which C-banded material tends to be located at similar sites in different chromosomes of the karyotype. In T. ferruginea, C-bands appear only in the large arms and particulary in interstitial positions. In contrast, one further sawfly species, Diprion pini (Diprionidae), shows heterochromatic short chromosome arms (ROUSSELET et al. 1998) . Within Apocrita, more extensive data are available for Formicidae. In this family C-bands, if present, are mostly pericentromeric while in some cases partly or totally heterochromatic short chromosome arms have been described (IMAI et al. 1977; PALOMEQUE et al. 1988; IMAI 1991) . Similar heterochromatin distribution was also reported for the families Ichneumonidae (GOKHMAN 1997) and Vespidae (POMPOLO and TAKAHASHI 1990) . In contrast, in Eufriesea violacea (Apidae) the long arms of chromosomes including the centromeric regions are heterochromatic, and euchromatin is concentrated in the distal regions of the short arms (GOMES et al. 1998) . In karyotypes of the genus Partamona (Apidae), highly diversified C-banding patterns were found (BRITO-RIBON et al. 1999) .
In T. ferruginea, C-bands appeared even after Ba(OH) 2 treatment during 1 min. However, in karyotypes of T. arcuata, T. velox and Rh. viridis, no stable bands were revealed with Ba(OH) 2 treatment in the period from 1 to 5 min. This suggests that C-heterochromatin is absent or most probably highly dispersed in chromosomes of these species. Karyotypes of T. arcuata, T. velox, and Rh. viridis were thereafter studied by fluorochrome DAPI staining following C-banding procedure with 1 min Ba(OH) 2 treatment. Chromosomes of all three species showed a fairly uniform fluorescence allowing a preliminary suggestion that they have no distinct AT-rich DNA clusters (Figs. 3d and 3e) . It is conceivable that Cband pre-treatment was not sufficient and further studies are therefore needed to confirm the above conclusion. There are evident gaps in separate chromosomes of the DAPI stained karyotypes. These gaps are coincident with the CMA 3 positive sites in the NOR bearing chromosomes of the species studied indicating a high GC content characteristic of genes coding for rDNA.
In Hymenoptera, investigations to reveal heterochromatin composition, including those by DAPI staining technique, are still few in number. Similar to the tenthredinid species, the ant Tapinoma nigerrinum (Formicidae) and parasitic wasps of the genus Encarsia (Aphelinidae) showed uniformly fluorescent chromosomes after DAPI staining (ODIERNA et al. 1993; LORITE et al. 1997; BALDANZA et al. 1999) .
CONCLUSION
The species of the sawfly family Tenthredinidae examined share the same chromosome number but are highly diversified in terms of genome organization. This is indicated by differences in number and location of NORs as well as in amount and molecular composition of constitutive heterochromatin. Taken alone, occurrence of differences between Tenthredo species opens up new fields for karyotaxonomic studies in the genus. Chromosomes of Tenthredo velox, T. arcuata, and Rhogogaster viridis possess no AT rich DNA clusters, however they have GC rich clusters which are concentrated in the NOR bearing regions.
